In this paper, we study the existence and uniqueness of solution (EUS) as well as Hyers-Ulam stability for a coupled system of FDEs in Caputo's sense with nonlinear p-Laplacian operator. For this purpose, the suggested coupled system is transferred to an integral system with the help of four Green functions
Introduction
Due to the applications of FDEs, fractional calculus has got the attention of scientists in the fields like fractals theory, electromagnetic theory, metallurgy, plasma physics, signal and image processing, control theory ecology, economics, biology. For instance, see the applications of FDEs in different scientific fields in [-] and the references therein.
There exist a large number of nonlinear mathematical models in the scientific fields for the study of dynamical systems. One of the most important nonlinear operators frequently used is the classical p-Laplacian operator, which satisfies
For the details and applications as regards the nonlinear p-Laplacian operator, the reader is referred to [-] and the references therein.
Here we highlight some recent contributions of the researchers which are related to our work. Lu et al. [] discussed a Sturm-Liouville boundary value problem (BVP) of Hu and Zhang [] recently studied a coupled system of FDEs with p-Laplacian operator with infinite boundary conditions,
, for i = , , are Caputo fractional derivatives, and h, g are real valued continuous functions.
Zhi et al. [] have investigated the existence of positive solutions for a nonlocal BVP of FDEs with p-Laplacian operator and illustrated the problem with an illustrative example. The corresponding problem is
where φ p is a p-Laplacian operator and  < α ≤ ,  < β < α - < ,  < a  ≤ b  < ,  ≤ ξ  , ξ  < , and D α  + expresses the Caputo derivative of order α. Ahmad et al. [] studied a nonlinear FDE with nonlocal Erdélyi-Kober and generalized Riemann-Liouville-type fractional integral IBCs for the EUS by a different approach. They considered the following problem: 
Recently, Ali et al.
[] studied the following coupled system of FDEs with fractional order integral boundary conditions for the EUS and Hyers-Ulam stability:
are Caputo fractional derivatives, and p, q ∈ L[, ]. Using classical fixed point theory one needs strong conditions to establish the case of FDEs and therefore restrict the applicability to certain classes of FDEs and their systems. To relax the criteria degree theory plays an excellent role for the existence of solutions to FDEs and their systems. Various degree theories including Brouwer and Leray-Schauder degree theories have been established to deal with the existence theory of differential equations. A version of degree theory known as topological degree theory was importantly introduced by Mawhin [] and later on extended by Isaia [] ; it has been used to establish existence theory of nonlinear differential and integral equations. The mentioned method is called a prior estimate method which does not require compactness of the operator and relaxing the conditions for existence and uniqueness of solutions of differential and integral equations. Recently, the aforesaid degree theory has been applied to investigate certain classes of FDEs with boundary conditions, in the references [-].
Inspired by the aforementioned research, we use the topological degree method to investigate EUS and Hyers-Ulam stability of a coupled system with IBCs and nonlinear pLaplacian operator given by 
Auxiliary results
Here we recall some definitions, theorems, and Hyers-Ulam stability results from the literature [-, ], which have an important role in the results of the paper.
Definition . The Riemann-Liouville-type fractional integral of order α of a function f (t) is defined as
provided that the integral on the right converges pointwise on (, ∞).
Definition . The Caputo fractional derivative of order α >  of a function f (t) is
is the integer part of α, provided that the integral on the right hand side converges pointwise on the interval (, ∞).
). Then the general solution of the FDE
is given by
where, for some b i ∈ R, i = , , , . . . , m -, m is the smallest integer such that m ≥ α.
be the Banach space of continuous functions with a topology of uniform convergence and endowed with a norm 
Definition . Assume that ϕ : ϑ → L is bounded and a continuous mapping such that ϑ ⊂ L. Then ϕ is an F -Lipschitz, where ζ ≥  such that
Then ϕ is called a strict F -contraction under the condition ζ < .
Definition . The function ϕ is F -condensing if
The condition ζ <  causes ϕ to be a strict contraction. 
If G is bounded in L, there exists r >  and G ⊂ z r (), with the degree
Consequently, ϕ has at least one fixed point and the set of fixed points of ϕ lies in z r ().
Lemma . ([]) Let φ p be a p-Laplacian operator. Then we have
(i) if  < p ≤ , κ  κ  > , and |κ  |, |κ  | ≥ ρ > , then φ p (κ  ) -φ p (κ  ) ≤ (p -)ρ p- |κ  -κ  |; (ii) if p >  and |κ  |, |κ  | ≤ ρ, then φ p (κ  ) -φ p (κ  ) ≤ (p -)ρ p- |κ  -κ  |.
Main results

Theorem . Let ψ  ∈ C[, ] be an integrable function satisfying (.). Then the solution of
is given by the integral equation
where
Proof Applying operator I β   + to (.) and using Lemma ., we get the following equivalent integral form of (.):
From the values of c i for i = , ,  and (.), we have
s) is a Green function given in (.). From (.), we further have
Applying the fractional integral operator I α   + on (.) and using Lemma . again, we have
Putting the values of k i for i = , ,  in (.), we get the solution u(t) in the following integral form:
Theorem . implies that our problem (.) is equivalent to the following coupled system of Hammerstein-type integral equations:
where s) are the following Green functions:
By Theorem ., the solution of the coupled system of the Hammerstein-type integral equations (.), (.) is equivalent to the fixed point, say (u, v), of the operator equation
. To proceed, we introduce the following assumptions:
(Q  ) The functions ψ  , ψ  satisfy the following growth conditions for the constants a, b,
Theorem . With assumption (Q  ), the operator T * : ω * → ω * is continuous and satisfies the following growth condition:
Proof Consider the bounded set
From (.) and (.), we have
From the continuity of ψ  , ψ  and (.), we have |T
Thus the operator T * is a continuous operator. Further, with the help of (.) and (.), we proceed as follows:
Consequently, we have
This completes the proof. Proof With the help of Theorem ., we deduce that the operator T * : ω → ω is bounded.
Next, using assumption (Q  ), Lemma ., and equations (.), (.), for any t  , t  ∈ [, ], we have
From (.), (.), we have
As t  → t  , the right hand side of (.) approaches zero. 
Proof From (.), (.), and assumptions (Q  ) and (Q  ), we have With the help of Banach's FPT and our assumption * < , the contraction T * has a unique fixed point. Thus, the coupled system of FDEs with p-Laplacian operator (.) has a unique solution.
Hyers-Ulam stability
Here we study Hyers For every λ  , λ  > , if
there exists a pair, say (u * (t), v * (t)), satisfying 
